Background: Evidence-based public health interventions, which research has demonstrated offer the most promise for improving the population's health, are not always utilized in practice settings. The extent to which dissemination from researchers to public health practice settings occurs is not widely understood. This study examines the extent to which public health researchers in the United States are disseminating their research findings to local and state public health departments. Methods: In a 2012, nationwide study, an online questionnaire was administered to 266 researchers from the National Institutes of Health, the Centers for Disease Control and Prevention, and universities to determine dissemination practices. Logistic regression analyses were used to examine the association between dissemination to state and/or local health departments and respondent characteristics, facilitators, and barriers to dissemination. Results: Slightly over half of the respondents (58%) disseminated their findings to local and/or state health departments. After adjusting for other respondent characteristics, respondents were more likely to disseminate their findings to health departments if they worked for a university Prevention Research Center or the Centers for Disease Control and Prevention, or received their degree more than 20 years ago. Those who had ever worked in a practice or policy setting, those who thought dissemination was important to their own research and/or to the work of their unit/department, and those who had expectations set by their employers and/or funding agencies were more likely to disseminate after adjusting for work place, graduate degree and/or fellowship in public health, and the year the highest academic degree was received. Conclusions: There is still room for improvement in strengthening dissemination ties between researchers and public health practice settings, and decreasing the barriers researchers face during the dissemination process. Researchers could better utilize national programs or workshops, knowledge brokers, or opportunities provided through academic institutions to become more proficient in dissemination practices.
Background
Despite the numerous advances made in clinical and public health research over the past few decades, discontinuity still exists in the process of disseminating and implementing research discoveries into practice settings [1] [2] [3] . The dissemination and implementation of these discoveries are important in working towards improving the population's health [4, 5] . However, the most effective interventions are not always utilized in practice settings. Depending on the setting, these interventions may not always be feasible, but the presence of underutilization still raises concerns and highlights the importance for researchers to design studies that include dissemination elements [1, [6] [7] [8] [9] [10] [11] [12] . Dissemination of research findings is frequently tailored to specific settings or subsets of the population, which further stresses the need to design for such a process during the conceptual phase of a study in order to successfully reach the targeted destination [7, 13] .
Closing the gap between research and practice to allow for successful dissemination has proven difficult [14] . Wilson et al. [15] surveyed applied health services and public health researchers about dissemination practices and found that less than one-fourth of these researchers had a person or team in their department dedicated to dissemination. Furthermore, less than one-fourth of the researchers in the study reported that they had a formal communication or dissemination strategy [15] . Infrastructure changes, such as incorporating mediators, to better communicate and deliver research interventions to public health practice may aid in bridging the gap between research and practice settings [16] . Additionally, some funding agencies (e.g. The National Science Foundation, programs within the National Institutes of Health, and the Robert Wood Johnson Foundation) state that dissemination of research results is a priority and/or expect their grant recipients to disseminate their work to relevant parties [17, 18] .
Public health research often focuses on applied studies that offer a high potential for translation of subsequent research findings into practice [1, 19] . Many public health-trained researchers have experience in practice settings either through previous work experience, or as part of public health degree program requirements (e.g. during an internship) [19] . In theory, this practice experience should increase the likelihood of engaging stakeholders, particularly public health department administrators and/or staff, in the research process. Given the value of stakeholder engagement in research and evaluation, there is likely room for improvement when public health researchers are designing studies or preparing findings for dissemination [20] [21] [22] .
The question of whether public health researchers are involved in dissemination, specifically to practice settings, still remains. There are varying interpretations of dissemination in the literature, but the term dissemination was defined in the current study as, "an active approach of spreading evidence-based information to the target audience via determined channels using planned strategies" [6] . The purpose of this study was to examine the extent to which public health researchers are disseminating their research findings to United States state and local public health departments, and the individualand organizational-level facilitators and barriers that impact whether this dissemination occurs.
Methods

Study sample
Sampling for this cross-sectional study began by conducting a PubMed search of lead authors from the top 12 public health journals, sorted by impact factor, within the category "public, environmental and occupational health." Authors, with a United States affiliation, of publications dated from October 1, 2008, to October 1, 2011, were included. Publications that were considered commentaries, biographies, historical articles, classical articles, reviews, meta-analyses, and webcasts were excluded. Specifying the author's affiliation, this search yielded 91 CDC researchers and 100 intramural NIH researchers. Of the researchers not affiliated with the CDC or NIH, 200 names were randomly sampled from the PubMed search. In addition, names of principal investigators or doctoral-level project managers were acquired from 37 university Prevention Research Center (PRC) websites, and 100 researchers were randomly sampled. Fifty-seven NIH grantees conducting dissemination and implementation research were procured from program announcements in the RePORTER database. After all inclusion and exclusion criteria were applied, a list of 548 researchers was compiled, and the survey was successfully sent to 488 (exclusions included emails that failed to deliver, duplicate names that were not previously identified, and contacts who were deceased or disabled). Human participant approval was obtained from the Washington University institutional review board. Participation in the survey was characterized as voluntary and researchers could refuse to participate if they wished. A more detailed description of the sampling process was published previously [6] .
Questionnaire
The questionnaire was adapted from a study conducted in the United Kingdom by Wilson et al. [15] , which aimed to determine how public health researchers in the United Kingdom were disseminating the results of their research and whether dissemination extended further than academic publication. They conducted a systematic review of conceptual frameworks and based their instrument on the common key elements from this review [15] . For the current study, relevant domains and previous work guided the adaptation of the survey [15, [23] [24] [25] . For clarity and ease of interpretation, a definition for the term dissemination was provided in the survey. The 35 question instrument was administered online using survey software developed by Qualtrics (Qualtrics, 2012, Provo, UT) [26] . The survey remained open from January 10, 2012, through March 6, 2012. The total number of completed surveys was 266, leading to an overall response rate of 54.5%, which was only slightly lower than the expected response rate of 60%.
Measures
The primary outcome of interest was the dissemination of research findings to United States local health departments, United States state health departments, or both (further abbreviated as LSHDs), which respondents indicated in response to the question: "To which of the following non-research audiences have you disseminated the findings of your research?" Other response options besides United States state or local health departments included United States federal agencies, international governmental agencies, international nongovernmental organizations, elected officials, non-profit organizations, healthcare providers, health research funders, the target population of the respondent's research, the media, the general public, and other (respondents were given the opportunity to specify another audience in an open text field). Additional covariates of interest included work place (University, NIH, CDC, and other (respondents were given the opportunity to specify their work place in an open text field if other was chosen)), the presence of a graduate degree and/or fellowship in public health, year the highest academic degree was received (categorized as less than 10 years ago, 10-20 years ago, and greater than 20 years ago), and facilitators and barriers to dissemination.
Routes used for dissemination were indicated in response to the question: "What methods do you usually use to disseminate research findings?" Respondents were allowed to check all that applied. Rankings for the routes reported as having the largest impact on public health were obtained in response to the question: "Of the methods you use to disseminate the research findings, which one do you think generally has the most impact on public health practice or policy?" Respondents were allowed to choose one response from those selected in the previous question.
Statistical analysis
Respondent characteristics and routes used for dissemination were examined with descriptive statistics. Frequencies for the routes reported as having the largest impact on public health were sorted from highest to lowest and provided a corresponding ranking (i.e. the largest frequency was given a ranking of 1 and so forth). Pearson χ 2 or independent t tests were used to examine the association between dissemination and covariates. Logistic regression was used to calculate crude odds ratios (OR) and 95% confidence intervals (CI) for the association between respondent characteristics, facilitators, barriers, and the outcome of interest, dissemination to state and/or local health departments. In addition, multivariable logistic regression was used to calculate adjusted odds ratios (aOR) and 95% CIs. Estimates were adjusted for work place, graduate degree, and/or fellowship in public health, and year highest academic degree was received. Missing data was minimal (less than 10%) and incorporated into analyses. The literature suggests incorporating this data introduces little bias [27] . All analyses were conducted using SAS 9.3, SAS Institute Inc., Cary, NC. 
Results
Respondent characteristics
Overall, the majority of respondents worked at a university, not affiliated with a PRC (41%), did not have a degree in public health (57%), and received their degree 10-20 years ago (37%; Table 1 ). Fifty-eight percent of respondents reported disseminating their research findings to LSHDs. After adjustments, there were a few characteristics associated with disseminating findings to LSHDs, notably, affiliation with a university PRC (aOR, 10.8; 95% CI, 3.3-35.9), the CDC (aOR, 9.5; 95% CI, 2.6-34.8), and respondents obtaining their degree more than 20 years ago (aOR, 4.6; 95% CI, 2.0-10.5).
Facilitators to dissemination
In addition, individual-and organizational-level facilitators and barriers to dissemination were analyzed (Table 2) . After adjusting for respondent characteristics, individual-level facilitators associated with disseminating to LSHDs included ever working in a practice or policy setting where research was applicable (aOR, 2.8; 95% CI, 1.5-5.3) and the importance of dissemination to the respondent's own research (aOR, 6.7; 95% CI, 2.9-15.3).
Organizational-level facilitators associated with disseminating to LSHDs included the expectation of dissemination by employers (aOR, 3.0; 95% CI, 1.6-5.9) or funding agencies (aOR, 2.6; 95% CI, 1.4-4.7), and the belief that dissemination was important to the work of the respondent's unit/department (aOR, 2.7; 95% CI, 1.5-5.1).
Barriers to dissemination
Individual-level barriers associated with disseminating to LSHDs included uncertainty on how best to disseminate Dissemination of findings to non-research audiences expected by employer Model adjusted for work place, graduate degree and/or fellowship in public health, and year highest academic degree was received beyond professional conferences or publications (aOR, 0.5; 95% CI, 0.3-0.9) and hesitation or resistance to disseminate findings from a single study (aOR, 0.5 95% CI, 0.2-0.9). For organizational-level barriers, lacking financial resources for dissemination (aOR, 2.2; 95% CI, 1.2-4.1) was also associated with dissemination to LSHDs.
Routes for dissemination
The routes reported as having the largest impact on public health and the routes commonly used by respondents to disseminate their results were also explored ( Table 3) . Respondents who disseminated their findings to LSHDs ranked face-to-face meetings with stakeholders, academic journals, press releases, policy briefs, and media interviews as the top five routes they believed had the largest impact on public health. The dissemination routes reported as being most commonly used by the respondents were academic journals (100%), academic conferences (95%), reports issued to funders (78%), press releases (75%), seminars or workshops (71%), face-to-face meetings with stakeholders (68%), media interviews (60%), newsletters (59%), and other conferences (56%).
Discussion
Dissemination of evidence-based public health interventions to practitioners and other potential adopters is crucial to improving population health. Of the 266 researchers that responded to the survey, 58% reported disseminating their work to LSHDs. Affiliation with the CDC or a university PRC, and the respondent receiving their degree more than 20 years ago were important predictors of dissemination of research findings to LSHDs. After further inspection, 89% of university researchers affiliated with a PRC and 85% of CDC researchers disseminated their findings to LSHDs, compared to only 41% of university researchers not affiliated with a PRC and 32% of NIH researchers. The high percentage of CDC and university PRC researchers involved in dissemination to LSHDs may be attributed, in part, to the myriad evaluations of the program and resulting recommendations in which to work towards. A 1997 Institute of Medicine report recommended that PRCs focus on a community-based approach, concentrate more effort on dissemination and implementation of research findings, and specifically listed state and local health departments as a recipient of dissemination efforts [28, 29] . In 2008, the Association of Schools of Public Health (ASPH) published a set of recommendations from their assessment of the PRC program, to be used by the CDC and others [30] . The ASPH found that the CDC and PRCs showed a significant adaptation of the 1997 IOM recommendations and labelled the PRC program as the "forefront of public health translational research" [30] . Two of the recommendations to strengthen the program included enhancing collaboration with state and local health departments, and further dissemination of LSHDs Local and/or State Health Departments findings to the community, academia, and practice settings [30] . Dissemination is now considered a pivotal piece of the PRC program's mission [28, 29, 31] . The findings from the present study suggest that the intersection of the IOM and ASPH recommendations, training programs, and support provided within the workplace helped drive the PRC researchers to succeed in their dissemination efforts. The dissemination process includes both facilitators and barriers that exist on the individual-and organizational-level and serve to support or hinder the researcher during this course. The findings reveal that having ever worked in a practice or policy setting, importance of dissemination to the respondent's unit or department, and expectations of dissemination to nonresearch audiences by employers or funding agencies were associated with dissemination to LSHDs. Funding agencies often state within grant award guidelines that researchers are expected to disseminate their research results, yet oftentimes either do not specify what dissemination should entail or only specify dissemination in the form of publication [14, 17, 18] . Specific guidelines stating dissemination expectations other than publication or "how-to" guides from funding agencies highlighting the process of disseminating public health findings to community partners or stakeholders may spur more researchers to disseminate beyond publication in academic journals. Performance metrics, which may include dissemination of research results, are also considered by some employers and may shed light on the significance of the current findings [14, 17, 18] .
Respondents had lower odds of disseminating their results to LSHDs if they were uncertain on how best to disseminate beyond professional conferences or publications or if they faced hesitation or resistance to disseminate findings from a single research study. Gaps in the dissemination process could benefit from changes in infrastructure to incorporate 'marketing and distribution systems' or intermediaries to help increase communication, training, coordination, and to promote and deliver research discoveries and interventions to public health practitioners in LSHDs [16] . The concept of knowledge brokering (i.e. one-to-one technical assistance to facilitate dissemination) is a more active approach to dissemination and provides another strategy for removing some of the complexities of knowledge translation and assisting those who are uncertain on dissemination practices [32, 33] . However, hesitation or resistance to disseminate findings from a single study may not be unexpected, as Grimshaw et al. [34] suggested that single studies may be prone to more bias, and more evidence is usually required for changes to policy or practice than what is normally contained in a single study.
The finding that respondents had higher odds of disseminating to LSHDs if they lacked financial resources for dissemination was surprising. Of these respondents, 70% said dissemination was important to their unit or department, and 94% said dissemination was important to their own research, suggesting that personal commitment may play a role in overcoming this barrier.
Intriguing patterns emerged when respondents were asked to report their usual dissemination routes compared to routes they thought had the largest impact on public health. Academic journals, academic conferences, and reports to funders were the top three routes respondents usually used for dissemination. These results were consistent with the survey results reported by Wilson et al. [15] in the United Kingdom. Surprisingly, respondents who disseminated findings to LSHDs ranked faceto-face meetings with stakeholders as the route with the perceived largest impact on public health, yet only 68% of those respondents reported using this route. This discrepancy likely contributes to the gap between researchers and practitioners. Further, those who disseminated their findings to LSHDs ranked academic journals as the second route, and press releases and policy briefs tied for the third route reported as having the largest impact on public health. There appears to be a disconnect between the dissemination routes with the perceived largest public health impact and the reported routes used to distribute research results. Saul et al. [35] found that one of the main challenges for bridging research and practice is the "need for greater understanding and communication between practitioners and researchers," and suggests that face-to-face meetings between researchers and practitioners would provide an opportunity for think tank sessions to occur in order to create mutual agendas and to increase collaboration between the two parties.
Respondents ranked academic journals as the route they believed had the second largest impact on public health, yet many public health departments may not have access to academic journals, specifically for those that require a subscription fee [36] . Fields et al. [37] found that, for local public health leaders, academic journals were the fourth most important method for learning about new research. Seminars or workshops, professional associations, and email alerts were the top three reported methods [37] . Researchers, on the other hand, often use academic journals to satisfy publication requirements for tenure promotions and to fulfil requirements by funders [14, 17, 18] . Academic journals are mainly targeted towards fellow researchers or those specifically interested in the topic at hand, which is why researchers may feel most comfortable disseminating research findings in journals [14] . Better understanding of researchers' and practitioners' needs along with increased communication between the two parties may aid in determining which dissemination routes would be the most effective for reaching LSHDs [33] .
Researcher and practitioner ties need to continue to be strengthened in order to increase the number of public health researchers disseminating to LSHDs in the United States [38] . A study on the promotion of knowledge translation, conducted by Tetroe et al. [14] , contained interviews with health research agency informants from various countries, including the United States. They discovered multiple examples of agencies that created networks or partnerships in order for researchers to have an avenue to share information and ideas. One such network, developed by the Agency for Healthcare Research and Quality, is a national program entitled "Put Prevention into Practice", which serves to link practitioners to healthcare research to provide better and more effective services to patients [14, 39] . In addition, the Council on Linkages Between Academia and Public Health Practice (Council on Linkages) is an association of representatives from various public health organizations across the United States that is also functioning to strengthen researcher and practitioner ties [40] . One of their main initiatives is the development of an Academic Health Department Learning Community that serves to further link academia and practice by educating public health professionals on the practice of public health in state or local health departments [41] . The Academic Health Department Learning Community provides a forum for public health professionals to share various experiences, knowledge, and materials that they have obtained or developed through collaborations with state or local health departments [41] . Partnerships between academia and state health departments have been established in a number of states and localities [42] . These collaborations provide services such as community health assessments and continuing education for health department staff, while also providing field sites for university students [42, 43] .
Limitations
Some limitations should be noted in the study. The achieved response rate of 54.5% was slightly lower than the expected rate of 60%. Non-response bias might have been present and played a role in the lower response, but the obtained rate was comparable to a similar study in the United Kingdom, which achieved a 50% response rate [15] . There should also be some caution in interpreting these results due to wide confidence intervals for some of the variables, which could be due to a smaller sample size. In these instances, statistical significance may not suggest practical significance. These results are also based on self-reported data. Social desirability bias could have resulted in underreporting or overreporting of various characteristics and dissemination routes [44] , though this may have been mitigated through the collection of anonymous responses. While it is possible that respondents' perceptions of barriers and facilitators may differ from actual characteristics, it is arguable that these perceptions may drive respondents' dissemination activities. In addition, other unmeasured organizational and contextual characteristics, such as culture and climate, may also be important predictors of researchers' dissemination practices. Even though a definition for dissemination was provided in the survey, it cannot be ruled out that respondents interpreted the term other than what was intended. Finally, lead authors from publications were used as the study sample since they are commonly the corresponding authors, and email addresses were readily available for these contacts in PubMed. In cases where email addresses failed or the author was deceased, the second or last author was not contacted, and therefore, may have resulted in the findings being less generalizable to the entire research population.
Future research
The current analysis combined state and local health departments since the focus of this article was dissemination of research findings to practitioners in public health departments overall. Future research could explore whether there are differences when analysing these as separate outcomes. The findings of the current study are intriguing and some warrant further research; namely, why researchers that lack financial resources for dissemination have higher odds for dissemination and the discrepancy between the routes used for dissemination and those with the perceived largest impact. Qualitative interviews with researchers would add richness to the quantitative findings noted.
Conclusions
In summary, this study revealed that slightly over half of the respondents surveyed were disseminating their findings to LSHDs. This leaves considerable room to improve ties between the types of researchers in the present study and public health practice settings, and to decrease the barriers these researchers face during the dissemination process. When possible, researchers could utilize national programs, such as Put Prevention into Practice and the Academic Health Department Learning Community, as well as training programs and workshops to become more proficient in dissemination activities [39, 41, 45] . Finally, the role of academic institutions and funding agencies should not be underemphasized, as ultimately they provide both opportunities for training as well as the structure for incentives and awards that determine skills and resources necessary for prioritizing dissemination among the myriad of responsibilities of the typical academic researcher.
